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SIGNAL TOANSMTTTING CABLK 

Related AppucAHONf 

The pi^ent application claims the priority of a United Kingdom patent application filed 
August 10, 2002 under eqjplication number 0218624.5, United Kingdom patent application 
filed September 26, 2002 under application number 02222S6.0, and United Kingdom 
patent application filed June 6, 2003 under application numb» 0313017.6, all of which axe 
incoiporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to signal transmitting cables, and relates particularly, but not 
exclusive^, to optical fibre signal transmitting cables. 

BACKGROTOQ) or THE INVENTION 

Optical fibres have traditionally been installed into underground ducts by attaching a pulling 
member to one end of the cable, and winching the cable into tiie duct. As a result, such cables 
were large and heavily reinforced to protect the relatively delicate optical fibre elements from 
damage during installation. 

Traditional cables were constmcted by first manufacturing sub-assemblies comprising tubes 
manufactured from thermoplastic materials and containing typically twelve fibre optic 
elements. A number of these tubes were then assembled together by stranding tiiem around a 
central strength member. The stranding process, and the &ct that the tube is large relative to 
the space occupied by the fibre optic elements, means that all fibres experience the same strain 
when the cable is bent during installation, and tiie loose tube construction allows the fibres to 
move and accommodate the strain^ resulting in minimal sigiial losses. 
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More recent techniques for cable installation involve blowing the cable into a duct by means of 
compressed air, for example as described in EP 0108590. This blowing process distributes the 
installation force along the entire length of the cable within the duct, as a result of which the 
installation force at &e leading end of the cable can be reduced, and much of the reinforcement 
can dierefore be removed from the cable. This provides significant advantages, since there is 
an increasing requirement for cables to become more compact, primarily because city networks 
are congested and providing new underground ducts in cities is expensive and involves 
substantial disruption. 

Installation of cables by blowing involves both the use of fluid drag operating on tiiie sheath of 
the cable, and a pushing force, usually generated by drive Toilers or a caterpillar pushing device 
which forms part of the blowing equipment. At the initial stages of installation, there is very 
little cable installed in the tube^ and the effect of fluid drag is therefore small compared to the 
pushing effect. As more of die cable is installed^ the installation force derived from the fluid 
drag becomes more siguificant 

It is therefore desirable for cables designed for installation by blowing to have adequate 
stLffiiess to facilitate the initial pushing requirement. In the case of cables constructed from 
sub-assemblies, the fibres are loosely contained in an outer sheath of the sub-assembly. 
Because the individual fibres are not constrained, they do not provide the cable with sufficient 
stif&ess, and it is therefore desirable that the cable be constructed with a central strength 
member, typically manufeotured using a glass-refaiforced polymer. The strength member is 
sufficiently stiff that it dominates the stiffoess of the assembly and, because of its central 
location, ensures that the cable does not pref^entially bend in one direction rather than 
another. 

However, the use of a central strength member undesirably increases the size of the cable. 

An attempt to produce a cable for installation by blowing without the use of a central strength 
member is disclosed in EP 0521710, which describes a cable in which 2, 4 or 8 individual 
optical fibres are in touching contact and axe encapsulated in an outer layer, typically a UV 
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cured aciylate. Encapsulation of the fibres in a UV cured acxylate results in the individual 
fibres being restrained &om moving relative to each other^ and tiie cable derives its stifigiess 
ftom ibis, eliminating the requirement for the central strength member, However, the fact that 
the fibres are locked together means that when the assembly is bent, the fibres impose a strain 
on Ihe outer coating of the cable. The larger the diameter of the fibre unit, the greater the 
tensile stress applied to the outer surface for a given bend radius. Fibre optic cables containing 
4 or S fibres axe found to create such a high load that a phenomenon known as fibre breakout is 
experienced, and which has a detrimental effect on cable performance. 

EP 05217 1 0 discloses a process which produces' satisfactory results on cables with fibre counts 
of 2, 4 and S fibres by changing the coating arrangement to ensure that fibres do not break out 
of the coating, even with larger diameter cables containing 8 fibres. However, it is desirable to 
manuiacture cables having more than 8 fibres, but attempts to manufacture such cables have 
had difficulty in overcoming the problem of fibre breakout An attempt to overcome this 
problem is disclosed in EP 0422764 in which 12 fibres are provided, the fibres being 
accurately located and locked in position relative to each ofiier by first assembling sets of 4 
fibres into a ribbon sub-assembly by edge bonding die 4 fibres to each other, and laying 3 such 
sub-assemblies on top of each other to form a basic construction which is then encapsulated in 
an outer layer. 

Compact ribbon cable assemblies of this type suffer fixra the drawback that die surfeces of the 
ribbons in $uch cables are smooth, and the ribbons are therefore fiee to slide relative to each 
other. In addition, because the fibres are bonded in a flat arrangement, when the cable is bent 
in a direction which imposes a sideways moment on the flat ribbons, the force generated is 
high and the central ribbon, which is free to slide between the two outer ribbons, is then forced 
to break out through the outer aciylate coating, producing micro bending and unacceptable 
signal losses. 

An attempt to overcome this problem is disclosed in DB 42 1 1 4S9 by reducing flie diameter of 
the individual optical fibres. An individual fibre is provided with a protective outer layer of 25 
microns or less, instead of the 60 micron coating usually applied. This reduces the overall 
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diameter of tha individual fibres by approximately 30%, which has the effect of making the 
assembly smaller and therefore reducmg flie strain imposed on the coating. However, this 
arrangement is inconvenient because most commercially available fibres have the same 
dimensions, and equipment for splicing and tenninating fibres is therefore adapted to these 
standard dimensions. Furthemiorej DE 42 11489 describes an arrangement in which adjacent 
fibre ribbons are o&sct to reduce the height of the assembly. Such ribbon constructions 
produce assemblies with a very high preference to bend in one direction, and are therefore not 
suitable for cables designed for installation by blowing. 

US 3787212 discloses an airangement of 7 fibres of equal diameter in which 6 fibres are 
disposed in a circular pattern in touching contact with each other and around a central fibre. 
When the fibres are coated with resin curable by UV radiation, the touching fibres ensure that 
resin does not enter the spaces between the fibres, which minimises the problem of UV light 
not adequately penetrating the outer fibres and inadequately curing resin located between the 
fibres. Unciured resin has the potential to break down and generate agents which may damage 
the glass fibres, adversely affecting their long-tenn signal transmitting performance. 

Although the arrangement of US 5787212 has very good bending properties, since it is 
completely balanced with no preferential bending characteristics, and strain imposed on one 
fibre is partially distributed into the other fibres by virtue of the touching contact, groups of 7 
fibres are not used commercially^ since fibres are almost always deployed in pairs and it is 
desnable to manufacture cables with higher fibre counts suitable for installation by blowing. 
Traditional cables ahnost exclusively contain 12 fibtes or multiples thereof 

Preferred embodiments of the present invention seek to overcome the above disadvantages of 
the prior art 

Summary of tee Invention 

According to an aspect of the present invention, there is provided a signal transmitting cable 
comprising a first signal transmitting portion including a plurality of elongate, flexible first 



PAGE 21/49* RCVD AT 883/2006 5:50:48 PM [Eastern Daylight Tim^^ 



JUN. 23. 2006 3:05PM ZILKA-KOTAB, PC 



NO. 3313 P, 22 



signal transmitting members, wherein the first signal transmitting members are surrounded by 
a first layer of resin material curable by means of radiation such that only the outermost signal 
transmitting members are in contact with said first layer, and said first signal transmitting 
members are arranged to form at least three rows, wherein for each said row containing a 
plurality of said members, said members are arranged such that neighbouring members of a 
row are in touching contact with each other, each recess formed by neighbouring members of a 
first said row facing towards a second said row accommodates a respective member of said 
second row, and said first layer is in touching contact with substantially all of the outward 
facing sur&ce of the first signal transmitting portion. 

By providing a cable in which only the outermost signal transmitting members are in contact 
with the first layer and recesses formed by neighbouring members of a furst row accommodate 
members of a second row> this provides the advantage of eruibling relative movement of the 
optical fibres to be restrained to give flie cable sufficient stiffiiess> while allowing sufficient 
axial sliding of the optical fibres relative to each othw to minimise the application of stress to 
the optical fibres when the cable is bent 

The first signal transmitting portion may include 12 said first signal transmitting members 
ananged in 4 rows having 2, 3. 4 and 3 signal transmitting members respectively. 

It is found that a cable having a signal-transmitting portion containing 12 first signal- 
transmitting members arranged in this manner enables an optical fibre cable having 
surprisingly and exceptionally &vourable bending properties to be constrocted. 

The first signal transmitting portion may include 1 8 said first signal transmitting members 
arranged in 5 rows having 2, 4, 5, 4 and 3 signal transmitting members respectively. 

The first signal transmitting portion may include 24 said first signal transmitting members 
arranged in 5 rows having 4, 5, 6, 5 and 4 signal transmitting members respectively. 
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The cable may further comprise a second signal tran$iiuttmg portion comprising a plurality of 
elongate, flexible second signal transmitting members arranged around the periphery of said 
first layeTp wherein said external dimensions of said first layer are arranged such that each said 
second signal transmitting member is in touching contact with two adjacent said second signal 
transmitting members. 

The cable may fiirfiier comprise a third signal transmitting portion comprising a plurality of 
elongate, flexible third signal transmitting members arranged outwardly of said second signal 
transmitting portion. 

The second signal transmitting members may be embedded in a second layer. 

Said first layer may be formed of resin material cured by means of ultraviolet radiation. 

An outer surface of the cable may be modified to facilitate installation into a duct by means of 
fluid flow. 

The outer surfece may be provided with ribs. 

The outer sui&ce may include at least one anti-static material. 

The outer sui&ce may include at least one friction reducing material. 

The cable may further comprise an outermost layer having an inner periphery longer than the 
outer periphery of the layer adjacent thereto to enable removal of said outermost layer from the 
cable. 

According to another aspect of the present invention, there is provided a method of forming a 
signal transmitting cable, the method comprishig airangmg a plurality of elongate, flexible first 
signal transmitting members in at least three rows, wherein for each said row containing a 
plurality of said members^ said members are arranged such that neighbouring members of a 
row are in touching contact witb each other, and each recess formed by neigihbouring members 
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of a first said row feeing towards a second said row accoiraiodates a respective member of a 
said second row; 

surrounding said first signal transmitting members by a first layer of resin material curable by 
means of radiation such that only the outemiost signal transmitting layers are in contact with 
said first layer, and such tibat said first layer is in touching contact with substantially all of flie 
outward &cing surface of the first signal transmitting portion; and 

curing said first layer by means of radiation. 

The method may further comprise arranging a pluraUty of elongate, flexible second signal 
transmitting members around the periphery of said first layer such that each said second signal 
transmitting member is in touching contact with two adjacent said second signal transmitting 
members; and 

Fixing said second signal transmitting members in position; 

Sxmg said second signal transmitting members in position relative to said first layer. 

The step of fixing said second signal transmitting members in position relative to said first 
layer may comprise embedding said second signal transmitting members in a second layer. 

Brief Desgription of the DRAwmcs 

Preferred embodiments of the present invention will now be described, by way of example 
only and not in any limitative sense, with reference to the accompanying drawii^j in which:- 

Figure 1 is a schematic cross-sectional view of a cable not forming part of the present 
invention; 

Figure 2 is a schonatio cross-sectional view of cable not forming part of fiie present invention; 
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Figure 3 i& a schematic cross-sectional view of a cable not foraiing part of the present 
invention; 

Figuire 4 is a cross-sectional view of a cable not fonning part of the present invention; 
Figure 5 is a cross-sectional view of a cable of a first embodiment of the present invention; 

Figure 6 illustrates optical attenuation characteristics of the cable of Figure 5 over a wide range 
of temperatures; i 

Figure 7 is a cross-sectional view of a cable of a second embodiment of the present invention; 

Figure 8 is a cross-sectional view of a cable of a third embodiment of the present invention; 

Figure 9 is a cross-sectional view of a cable of a fourth embodiment of the present invention; 

Figure 10 is a cross-sectional view of a cable of a fifth embodiment of the present invention; 
and 

Figure 1 1 is a cross-sectional view of a cable of a sixdi embodiment of tbe present invention. 

Detailed DEscRiFnoN 

Reieiring to Figure 1 , a fibre optic cable 2 containing 8 optical fibres is constructed by coating 
a single central fibre 4 with a UV curable acrylate material 6 to increase the outside diameter 
of the coated fibre 4 from a standard commercial diameter of 24S microns to 320 microns. 
The diameter of 320 microns is such that 7 further optical fibres 10^ of identical construction to 
the central fibre 4 and having a standard commercially available diameter of 245 microns, can 
be arranged aiound the circumference of the coated central fibre 4 such that each of the 7 fibres 
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10 is in touching contact with the coated larger diameter central fibre 4 and its two adjacent 
fibres 10. 

The assembly is then coated v/itix an outer layer 12 of UV curable aciylate material, the 
material being applied in liquid form under low pressure. Because the 7 outer fibres 1 0 are in 
contact with flie coated central fibre 4 and their 2 respective neighbours 10, none of the outer 
fibres 1 0 can move during the coating process, as a result of which the acrylate material of the 
outer layer 12 does not penetrate into gaps 14 between the coated central fibre 4 and the outer 
fibres 10, This provides the advantage of avoiding insufficiently cured material in the gaps 14 
in the assembly, which could otherwise have a detrimental e£Eect on the optical performance of 
the cable. 

The anangeraent shown in Figure 1 also has the advantage over flie arrangement of EP 
0521710 that the outside diameter of the 7 outer fibres 10 is 800 microns, while lhat of the 
prior art is 914 microns. This enables the finished cable to be smaller and the coating of the 
finished cable to contain less ac^Uc coating material 12 than in the prior art> the acrylic 
coating material 12 being generally very expensive. Furthermore, the smaller the outside 
diameter of tiie assembly, the lower the strain applied to the out^ coating 12 when the cable 2 
is bent Also, because of the circular artangemomt of the outer fibres 10, the assembly has no 
preferential bending characteristics, which optimises the cablets performance during 
installation in a duct by fluid drag. 

Referring to Figure 2, in which parts common to the arrangement of Figure 1 are denoted by 
Uke reference numerals but increased by 100, a cable 102 is produced by arranging 10 fibres 
1 10 aroimd2 inner fibres 104 which have been coated with acrylate material 106 to provide an 
outer diameter of 547 microns. Each of the outer fibres 1 10 is therefore in touching contact 
with the inner layer 106 and with two adjacent outer fibres 1 10, as a result of which UV 
curable aciylate forming an outer layer 1 12 does not penetrate into the gaps 1 14 inwardly of 
the outer fibres 110. 
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A further airangement is shown in Figure 3, in wluch parts common to the ammgement of 
Figure 1 aredenotedbylikereferenceiiumeralsbutmcreasedby200.Tliecable2^ 
203 identical in construction to the cable 2 of Figure 1, the core 203 having an outer coating 
212 of outside diameter of approximately 1010 microns. Thi$ enables 16 outer optical fibres 
216 to be arranged outwardly of the core 203, such that each of the outer fibres 216 is in 
contact with its two neighbouring fibres 216, The entire assembly is then provided with an 
out^ coating 21 8 of a suitable aoytic coating to hold the outer fibres 216 in place. 

It is found that as the number of layra of fibres increases, the stiffiiess of the assembly 
becomes undesirably high, as a result of which high fiiction generated by forcing the cable 
around bends impedes installation of the cable by fluid drag. Furthermore, as the diameter of 
the cable increases, the problem of fibre breakout occurs. This problem is alleviated by 
replacing the outer acrylic layer 218 of the arrangement of Figure 3 with a thin flexible 
lightweight sheatfi, which allows the outer fibres 216 to move relative to each other. 
Alternatively, it is possible to encapsulate the outer fibres 2 1 6 in outer layer 2 1 8 and allow the 
inner fibres 210 to move relative to each other. Hie stiffiiess of the assembly can also be 
adjusted by selecting suitable grades of acrylic xesin. 

A further arrangement is shown in Figure 4» in which i>arts common to the ammgement of 
Figure 3 are denoted by like reference numerals but increased by 100. The cable 302 has 8 
fibres 304 are encapsulated by a UV curable layer 306 having a diameter of approximately 
1010 microns, and 16 outer fibres 316 arranged in a circnlar formation around the inner fibres 
304, in a manner similar to the external fibres 216 Figure 3. 

hi the arrangement shown in Figure 4, tfae optical fibres 304 are held in position by means of 
the UV curable layer 306 so fiiat the UV curable material of the layer 306 does not penetrate 
into fte g^s between the optical fibres 304 and the outermost optical fibres 304 are restrained 
by the layer Scotn moving axially. It is found that such an arrangement provides surprising;Iy 
fivourable bending prc^nies, making the cable particularly suitable for installation in a tube 
by means of blowing. 
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Exceptionally favourable bending properties are obtained in the case of 12 fibres being 
arranged as shown in Figure 5, in which parts common to die arrangement of Figure 4 are 
denoted by like reference numerals but increased by 1 00. The cable of Figure 5 is constructed 
in an identical manner to flie cable of Figure 4, but the inner fibres 404 of the embodiment of 
Figure 5 are arranged in rows having 2, 3, 4 and 3 fibres respectively. This cable is found to 
have bending properties not previously achievable in cables of 12 fibres. For example, the 
cable of Figure 5 meets the bending performance requirement set out in EP0521710,altiiough 
that test is designed primarily for cables containing only 4 or 8 fibres. Advantageous bending 
properties are also achieved with cables constmcted as in the embodiment of Figure 5, but 
containing 1 8 fibres 404 arranged in rows of 2, 4, 4 and 3 fibres, and 24 fibres 404 arranged 
in rows of 4, 5, 6^ 5 and 4 fibres. 

Referring now to Figure 6, the signal loss ov^ a wide temperature range associated with cables 
of the embodiment of Figure S is shown. The different curves show signal attenuation in die 
individual fibres 404 of the cable of Figure 5. It can be seen that the cable can withstand 
exposure to a wide temperature range. This is a surprising result. Prior art cables as described 
in EPO 1 5 76 1 0 incorporating polyethylene out^ layers display poor optical performance below 
approximately B20 C. This is u^uaUy attributed to a change of phase m polyethylene at around 
tfai$ temperature and for this reason poIyedQdirae is not normally selected for the ti^ jacketing 
of fibre optic elements. 

The cable ofFigure 7 is constructed in a similar &shion to the cable of Figure 5, with the inner 
fibres 504 of tiie embodiment ofFigure 7 being arranged in rows having 2, 3, 4 and 3 fibres 
respectively, and being surrounded by a UV curable layer 506. However^ the cable ofFigure 7 
additionaUy comprises an outermost layer S 1 0 havmg an inner periphery long^ than the outer 
periphery of the layer 506, 

The cable ofFigure 8 is constmcted in a similar &5hion to the cable ofFigure 5, with the inner 
fibres 604 of the embodiment ofFigure 8 being arranged in rows having 2, 3, 4 and 3 fibres 
respectively, and being surrounded by a UV curable layer 606. However> the layer 606 is 
surrounded by an outomost layer 610 which is provided with ribs 611. 
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The cable of Figure 9 is constructed in a similar fashion to tiie cable of Figure 5, with ihe inner 
fibres 704 of flie embodiment of Figure 9 being arranged in rows having 2, 3, 4 and 3 fibres 
respectively, and being suirounded by a UV curable layer 706. However, the cable further 
comprises a second signal transmitting portion comprising a plurality of optical fibres 708 
arranged around the periphery of the layer 706, wherein the external dimensions of the layer 
706 axe arranged such that each optical fibre 708 is in touching contact with two adjacent 
optical fibres 708. The optical fibres 708 are surrounded by a second UV curable layer 71 1, 
and the cable fiirther comprises a Ihird signal transmitting portion comprising a plurality of 
optical fibres 712 arranged outwardly of the second signal transmitting portion. 

The cable of Figure 10 is constructed in a similar fashion to the cable of Figure 5, with the 
fibres 804 being surrounded by a UV curable layer 806. However, the fibres 804 of flie 
embodiment of Figure 10 are arranged in rows having 4, 5, 6, 5 and 4 fibres respectively. 

The cable of Figure 11 is constructed in a similar fashion to fiie cable of Figure 5, with the 
fibres 904 beix|g surrounded by a UV curable layer 906. However^ the fibres 904 of the 
embodiment of Figure 1 1 are arranged in rows having 3, 4, 5, 4 and 2 fibres respectively. 

It will be appreciated by persons skilled in Ifae art ibaX the above embodiments have been 
described by way of example only^ and not in any limitative sense, and that various alterations 
and nM>difications are possible without departure fi;om the scope of the invezition as defined by 
die appended claims. 
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